In the present study we compared the inoculation of swine gastric mucus into the stomach of mice, the urease test and carbolfuchsinstained smears for the diagnosis of the infection with "Gastrospirillum suis" ("Helicobacter heilmannii" type 1), an uncultivated tightly spiralled gastric bacterium. Fragments obtained from the antral and oxyntic mucosa of the stomach of 50 slaughtered pigs were used for urease test, for carbolfuchsin-stained smears and for obtaining scrapings of mucus for mouse inoculation. The mice were killed by spinal dislocation 10 days after inoculation and fragments of the antral and oxyntic mucosa were used for spiral bacterium identification (urease test and carbolfuchsin-stained smears). Among the methods employed for the diagnosis of "H. heilmannii" infection, the inoculation of gastric mucus into the stomach of mice was the most sensitive and demonstrated bacterial positivity in 31 (62.0%) swine. Direct examination showed tightly spiralled bacteria in the gastric mucosa of only 4 (8.0%) of the 50 pigs studied. Among them, 3 (6.0%) presented a positive preformed urease test. Spiral bacteria were not seen in the gastric mucosa of any control mice. These results show that the use of the mouse inoculation method improved the detection of "H. heilmannii" in swine.
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Although spiral bacteria have been observed in the stomach of animals since the end of the 19th century (1, 2) , the interest in gastric bacteria has increased only after the isolation of Helicobacter pylori from the gastric mucosa of human patients with gastritis and peptic ulcer. Since then, several spiral organisms have been described in the gastric and intestinal mucosa of man and other animals (3) . Among them, a tightly spiralled bacterium, named "Gastrospirillum hominis", was described by Dent et al. (4) and McNulty et al. (5) in the stomach of patients with gastritis and peptic ulceration. Recently, 16S rRNA sequencing studies have demonstrated that this bacterium, in fact, represents at least two new species in the genus Helicobacter: "H. heilmannii" type 1 and "H. heilmannii" type 2 (6). Another organism, morphologically similar to "H. heilmannii" and provisionally named "Gastrospirillum suis", has been observed in the gastric mucosa of swine (7) (8) (9) . More recently, it was shown that this bacterium is also a Helicobacter and is 99.5% similar to "H. heilmannii" type 1. This level of similarity indicates that "H. heilmannii" type 1 and "G. suis" are members of a single species and allowed us to hypothesize that pigs could be a reservoir host for human "H. heilmannii" type 1 infection (10).
Several methods have been used for diagnosing the presence of helicobacters in the gastric mucosa of man and other animals. Among them, rapid methods such as the urease test and several staining procedures have been used for presumptive diagnosis (11) . Of the methods involving collection of tissue fragments, however, culture is, in experienced hands, one of the most sensitive for detecting some helicobacters, especially H. pylori. Despite several attempts, however, culture of tightly spiralled bacteria in artificial media has not been successful, except for H. felis (12) and H. bizzozeroni (13) . For this reason, the diagnosis of the presence of these organisms has been based on methods such as the urease test and examination of stained smears and histological sections (7, 9, 14, 15) . Based on early studies by Salomon (2), Dick et al. (14) have proposed the inoculation of mice with scrapings of gastric mucus as a way of maintaining and isolating these organisms in vivo. Using the same method, Moura et al. (15) have succeeded in colonizing mouse stomach with "H. heilmannii" type 1 employing scrapings of the gastric mucosa of bacterium positive swine.
Although urease test, stained smears and histological sections of gastric mucosa have been widely used for the diagnosis of infection with uncultivated tightly spiralled bacteria, especially in humans (14, 16) , the accuracy of these methods and gastric mucus inoculation into the stomach of mice has not yet been evaluated.
For these reasons, we undertook the present study in order to compare the inoculation of gastric mucus of swine into the stomach of mice, the urease test and the carbolfuchsin-stained smears, as suitable methods to detect the presence of non-cultivable helicobacters in the gastric mucosa of swine.
In the first part of this study, stomachs of 50 consecutive pork-weight pigs, slaughtered at about 6 months of age, were studied. The organs were opened longitudinally along the greater curvature and thoroughly washed with tap water. One tissue sample (about 15 cm 2 ) was then taken from the gastric antrum in the lesser curvature at approximately 2 cm from the torus piloricus, and another fragment of the same size was obtained from the oxyntic mucosa in the greater curvature of the stomach, for microbiological examination and inoculation into the stomach of mice. The fragments were transported to the laboratory in individual bags.
Fragments of approximately 1 cm 2 were removed from the antral and oxyntic mucosa samples, obtained as described before, and used for identification of spiral bacteria (urease test and carbolfuchsin-stained smears). Approximately half of each fragment was placed in a tube containing Christensen's urea broth to detect preformed urease (7) . The other half was blotted on a piece of filter paper to remove surface mucus and then smeared on a glass slide, heat fixed and stained with carbolfuchsin (7).
Scrapings of both remaining fragments of the antral and oxyntic mucosa from each pig were homogenized in the same flask containing 3 parts of 0.85% saline and 0.2 ml of the mixture was inoculated with a sterile stomach tube into two 4-6-week-old gastric spiral bacteria-free BALB/c male mice. Each group of animals was maintained under the same conditions in separate cages and had free access to water and to commercial pelleted diet. The control group, consisting of 20 4-6-week-old BALB/c male mice, was inoculated with 0.2 ml of 0.85% saline and maintained under the same conditions as described above, in groups of 5 animals. The animals were killed by spinal dislocation 10 days after inoculation. The stomachs were removed, opened along the greater curvature and washed in sterile 0.85% saline. Fragments of the antral and oxyntic mucosa were taken for microbiological examination as described above.
In the second part of the sudy, in order to investigate if the sensitivity of the methods employed could be influenced by the uneven distribution of the microorganism, we took four fragments of approximately 1.0 x 2.0 cm from the antral, oxyntic and cardiac regions of the stomach of 10 swine. Two fragments of the antrum were obtained along the lesser curvature at about 2 cm from the torus pyloricus and the other 2 along the greater curvature. All fragments of the gastric body were obtained along the middle portion of the greater curvature. The fragments of the cardiac mucosa were obtained in the upper portion of the greater curvature (N = 2) and adjacent to the pars esophagea (N = 2). One third of each fragment was used for the urease test, one third for the preparation of carbolfuchsin-stained smears, and the remaining fragment was ground in a tissue grinder, homogenized in 3 parts of saline and inoculated into the stomach of 2 gastric spiral bacteria-free BALB/c male mice.
Among the methods employed for the diagnosis of "H. heilmannii" type 1 infection, the inoculation of gastric mucus into the stomach of mice was the most sensitive and demonstrated bacterial positivity in 31 (62.0%) swine. Among the mice inoculated with mucus from the 31 "H. heilmannii" type 1 positive pigs the bacterium was seen in the antrum and corpus of 22, only in the antrum of 4, and only in the corpus of 5. The urease test was positive in gastric fragments from 3 (6.0%) pigs and tightly spiralled bacteria were observed in carbolfuchsin-stained smears of the antral and oxyntic mucosa of 4 (8.0%) animals. Although the direct examination and urease test were less sensitive, in no instance were their results in disagreement with those of inoculation into the stomach of mice, i.e., when their results were positive the inoculation into mice was also positive. Tightly spiralled bacteria were not found in the antral or oxyntic mucosa of any control animal.
In the second part of the study, the mouse inoculation method detected the organism in the stomach of 8 (80%) swine. The urease test and the examination of carbolfuchsinstained smears were positive in 2 (20%) swine: in one pig, both tests were positive in the same fragment obtained from the body of the stomach and, in the other, the urease test was positive in 3 fragments of the oxyntic region and the carbolfuchsin-stained smears were positive in 2 fragments of the antrum.
The diagnosis of the gastric tightly spiralled bacterium infection in both man and other animals has been made by the urease test and by the examination of smears and histological sections of gastric mucosa stained by several methods (7, 9, 14, 15) depending on availability and on the preference of each author. The results of these methods, however, are dependent on the number and distribution of organisms in the gastric mucosa. In fact, it has been determined that detection of bacteria in general by direct examination is positive only when the number of organisms/ml is higher than 10 4 (17) . In regard to the urease test, it was demonstrated for the diagnosis of H. pylori infection that the test may be negative when the number of viable bacteria is less than 10 4 (18) . The present results show that the inoculation of mice with scrapings of gastric mucosa was more sensitive than either the urease test or direct examination for the diagnosis of "H. heilmannii" type 1 infection in pigs. The uneven distribution of the organisms within the gastric mucosa could alter the sensitivity of the methods due to sampling error but the use of scrapings of gastric mucosa for mouse inoculation in this study may have overcome the possible irregular distribution of the organism in the stomach. Also, the use of two mice and the examination of both the antral and oxyntic mucosa of each animal further improved the diagnostic sensitivity.
The results of the second part of the study further confirmed that the mouse inoculation was the most sensitive method and the use of several fragments from different regions, which could reduce the problem related to the uneven distribution of the microorganism, did not increase the sensitivity of the direct examination of smears and of the urease test. The higher sensitivity of the mouse inoculation method is probably due to the predisposition of mice to be colonized by gastric tightly spiralled bacteria, even when their number is low.
We conclude that the inoculation of mice with gastric mucus is the most sensitive method available thus far for diagnosing "H. heilmannii" type 1 infection in pigs. Since "H. heilmannii" type 1 also colonizes human gastric mucosa (10, 18, 19 ) the method could be used for the diagnosis of the infection in humans. In fact, Dick et al. (14) have reported heavy colonization of the stomach of mice inoculated not only with mucus scraped from the stomach of a monkey but also with biopsies obtained from the gastric mucosa of a man.
Our results showed an improvement in the detection of "H. heilmannii" in swine, suggesting that the procedure we used in this study could also improve the diagnosis of uncultivated gastric Helicobacter in the stomach of mammals.
